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SPECIFICATION 
HEATING SYSTEMS 

This application claims the benefit of Japanese Patent Application 

r 

P2002- 333, 950 filed on November 18, 2002, the entirety of which is 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

(0001) The invention relates to a heating system. 

2. Related Art Statement 

(0002) In a system for producing semiconductors, a ceramic heater 
may be provided for heating a wafer so as to deposit a semiconductor thin film 
on the wafer from gaseous raw materials such as silane gas by means of thermal 
CVD or the like. So called two -zone heater is known as such ceramic heater. 
Such two-zone heater has a ceramic substrate and inner and outer resistance 
heat generators of a metal having a high melting point embedded within the 
substrate. Separate power supply terminals are connected to the respective 
heat generators so that electric power may be applied independently on the 
respective generators. The inner and outer heat generators may be thus 
independently controlled, 

(0003) Further, in JP-A 5-326112, a resistance heat generator of a 
ceramic heater is constituted by plural circuit patterns each made of a high 
melting point metal. The circuit patterns are so arranged that they may 
supplement one another's defect portions. For example, one of the patterns 
has a defect portion such as a folded portion or a returning portion. In this 
case, another circuit pattern is overlapped on or over the defect portion of the 
one pattern. 
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(0004) For example, in a heater used for heating semiconductor 
wafers, the temperature of the heating surface of the heater needs to he 
uniformly controlled over the entire surface. It is required that the heater 
satisfy a severe specification, for example, that the temperature measured on 
the heating surface is within ± 10 °C on the whole heating surface under a 
use condition. 

(0005) A ceramic heater is excellent on the viewpoint of uniformity 
of temperature on the heating face. Further, when a semiconductor wafer is 
mounted and heated, thermal deformation of the mounted face of the wafer over 
time may he prevented to preserve the flatness of the wafer at a low value. 

SUMMARY OF THE INVENTION 

(0006) ^ . However, a production cost for a ceramic heater is high. 
In particular, a ceramic heater is supported with a tuhular supporting member, 
which is then fixed onto a chamber. It is needed a thicker substrate for the 
heater for providing a strength required for supporting the heater, so that a 
production cost for the ceramic heater is increased. 

(0007) On the other hand, a metal heater has a high mechanical 
strength and may be produced with a lower production cost. However, when a 
semiconductor wafer is mounted and heated thereon, the mounting face of the 
heater may be substantially deformed over time. The flatness of the wafer 
cannot be thus maintained. 

(0008) An object of the present invention is to provide a novel 
heating system for mounting and heating an object, to reduce the thermal 
deformation of its mounting face over time upon heating, and thus to maintain 
the flatness of the object. 

Another object of the present invention is to reduce the 
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production cost of the heating system while preserving a mechanical strength 
required for supporting the system. 

(0009) The present invention provides a heating system 
comprising- 

a ceramic substrate having a mounting face for mounting an object, a 
back face and a side face; 

a heating means for generating heat from the mounting face of the 
ceramic substrate,* and 

a plate-shaped metal supporting member for supporting the back face 
of the ceramic substrate. 

(00 10) According to the heating system of the present invention, a 
mounting face for an object is provided in a ceramic substrate to generate heat 
from the mounting face to heat the object. It is thus possible to reduce the 
thermal deformation of the mounting face over time upon heating of the ceramic 
substrate. The flatness of the object may be thus maintained at a low value. 
Moreover, a plate -shaped and metal supporting member for supporting the back 
face of the ceramic substrate is provided, so that the production cost of the 
heating system may be reduced and a mechanical strength required for 
supporting the system may be assured. 

These and other objects, features and advantages of the invention will 
be appreciated upon reading the following description of the invention when 
taken in conjunction with the attached drawings, with the understanding that 
some modifications, variations and changes of the same could be made by the 
skilled person in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view schematically showing a 
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heating system 1 according Lo one embodiment of the present invention. 

Fig. 2 is a cross sectional view schematically showing a 
heating system 1A according to another embodiment of the present invention. 

Fig. 3 is a cross sectional view schematically showing a 
heating system IB according to still another embodiment of the present 
invention. 

Fig. 4 is a cross sectional view schematically showing a 
heating system 1C according to still another embodiment of the present 
invention. 

Fig. 5 is a cross sectional view schematically showing a 
heating system ID according to still another embodiment of the present 
invention. 

Fig. 6 (a) is a schematic view showing a means 25A for 
preventing the rotation of a ceramic substrate 2 over a supporting substrate 4. 

Fig. 6 (b) is a schematic view showing a means 25B for 
preventing the rotation of a ceramic substrate 2 over a supporting substrate 4. 

Fig. 6 (c) is a schematic view showing a means 25 C for 
preventing the rotation of a ceramic substrate 2 over a supporting substrate 4. 

Preferred embodiments of the invention 

(0011) The present invention will be described below further in 
detail. 

(0012) In a preferred embodiment, the heating means is a heat 
resistor embedded in a ceramic substrate. Fig. 1 is a cross sectional view 
schematically showing a heating system 1 according to this embodiment. A 
metal and plate-shaped supporting member 4 has a flat-plate shaped portion 4b, 
and a flange portion 4a protruding from the peripheral part of the flat-plate 
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shaped portion 4b. A ceramic substrate 2 is mounted on the surface 4c of the 
flat-plate shaped portion 4b. A heat resistor 3 is embedded in the ceramic 
substrate 2. A hack face 2b of the ceramic substrate 2 is contacted with the 
surface 4c of the flat-plate shaped portion 4b to mount an object W on the 
mounting face 2b of the ceramic substrate 2. In the present example, the tip 
end of the flange portion 4a is protruded over the mounting face 2a to form a 
guide 5 for guiding the periphery of the object W. 

(0013) A flange portion 9a of a tubular supporting member 9 is 
further joined with the back face 4d of the flat-plate shaped member 4. 
Further, the other end 9b of the tubular supporting member 9 is fixed to a 
cooling shaft 11 through an Oring 10. The cooling shaft 11 is designed so that 
the shaft may be mounted onto a chamber not shown. A guarding tube 8 is 
furlher contained inside of the tubular supporting member 9. Rod-shaped 
electric supplying members 7 axe contained inside of the guarding tube 8. One 
end of the member 7 is connected with a terminal 6, and the other end is 
connected with a connector 12 in the cooling shaft 11. Electric power may be 
supplied to the heat resistor 3 through the connector 12, member 7, and 
terminal 6. The connector 12 is contained in a guarding tube 13. 

(0014) According to the heating system of the present example, a 
mounting face 2a for the object W is provided in the ceramic substrate 2. The 
mounting face 2a generates heat for heating the object W. The thermal 
deformation of the mounting face 2a over time upon heating of the ceramic 
substrate is reduced, so that the flatness of the mounting face 2a may be 
maintained at a low value. Moreover, the ceramic substrate 2 is supported 
with the metal and plate-shaped supporting member 4 at its back face 2b, so 
that the production cost of the heating system may be reduced and a mechanical 
strength required for supporting the system may be assured. 
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(0015) Further, according to the present example, the plate - 
shaped supporting member 4 has the guide 5 for positioning the object W at the 
periphery. In this case, it is not necessary to provide a guide in the ceramic 
substrate 2, so that the structure of the substrate 2 is simple and its production 
cost may be further reduced. 

(0016) In a preferred embodiment, a space is provided between the 
ceramic substrate and plate-shaped supporting member. In this embodiment, 
thermal radiation from the ceramic substrate may be reduced. A design for 
improving the uniformity of temperature on the mounting face may be thus 
facilitated. More preferably, spaces are provided between the back face of the 
ceramic substrate and supporting member, and between the side face of the 
ceramic substrate and supporting member, respectively. Fig. 2 is a cross 
sectional view schematically showing a heating system 1A according to this 
embodiment. In Fig. 2, members already shown in Fig. 1 are specified by the 
same reference numerals and the explanation may be omitted 

(0017) In the example of Fig. 2, spacers 14 are provided between 
the side face 2c of the ceramic substrate 2 and the flange portion 4a of the 
plate-shaped supporting member 4, and further between the back face 2b of the 
substrate 2 and the supporting member 4. A space 20 is thus provided. In the 
space, thermal conduction by radiation is dominant so that thermal conduction 
is reduced. 

(0018) According to the example of Fig. 2, the space 20 is formed 
using the spacer 14. Alternatively, it is possible to provide such space by 
providing a small protrusion on the back face or side face of the ceramic 
substrate 2. Further, it is possible to provide such space by providing a small 
protrusion on the inner wall surface of the plate-shaped supporting member 4. 
Further, the surface roughnesses of the opposing faces of the ceramic substrate 
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and supporting member may be reduced, so that the thermal conduction 
through radiation maybe further reduced. 

(0019) The dimension of the space 20 is not particularly limited. 

The dimension of the space may prcfcrabty be not smaller than 0.05 mm and 
more preferably by not smaller than 0.1 mm, for reducing thermal conduction. 
The dimension of the space may preferably be not larger than 10 mm and more 
preferably be not larger than 3 mm, for preventing thermal conduction through 
convection. 

The central surface roughness Ra of each of the opposing 
ceramic substrate and supporting member may preferably be not larger than 1 
micrometer and more preferably be not larger than 0.4 micrometer. 

A small space is provided between the side face of the 
ceramic substrate and the small protrusion of the supporting member, although 
the substrate and supporting member are joined with each other by means of 
shrink fit. The dimension of the space may preferably be 0 to 200 micrometer 
and shrink range may preferably be 0 to 100 micrometer. In a preferred 
embodiment, the dimension of the space is 0 to 100 micrometer and shrink 
range is 0 to 50 micrometer. When the space is provided, the ceramic 
substrate may be decentered. A notch or straight is provided on the side face of 
the ceramic substrate or a pin is inserted for positioning the substrate, as shown 
in Fig. 6. 

(0020) The spacer may be made of a material not particularly 

limited. The material may preferably have a low thermal conduction, and may 
preferably be a ceramics such as alumina and silicon nitride, stainless steel or 

an Nrbased alloy such InconeL The material may preferably be the alloy of 

t 

aluminum having a high purity, when the heating system is to be used at a 
temperature under 400 °C. 
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(0021) In a heating system IB shown in Fig. 3, a plate-shaped 
supporting member 4A is composed of a flat-plate shaped portion 4b, on which a 
ceramic substrate 2A is mounted. The ceramic substrate 2A has a ring-shaped 
flange portion 2d, which provides a guide 5 for the object W. 

(0022) Further in a preferred embodiment, the heating means 
includes an insulator and a heat resistor fixed on the insulator. Figs. 4 and 5 
show a heating system according to this embodiment. 

(0023) In a heating system 1C shown in Fig. 4, a heating means 18 
is mounted on the flat-plate shaped portion 4b of the plate shaped member 4. 
The heating means 16 has flat plates 15a, 15b each made of an insulating 
material, and a heat generator 15c wound on the flat plate 15b. A ceramic 
substrate 16 is mounted on the heating means 15. The ceramic substrate 16 
has a flat-plate shaped portion 16c and flange portion 16b. A guide 5 is formed 
inside of the flange portion 16b. 16d represents a back face and 16e represents 
a side face. The object W is mounted on the mounting face 16a of the ceramic 
substrate 16. 

(0024) In a heating system ID shown in Fig. 5, a heating means 
16A is mounted on the flat-plate shaped portion 4b of the plate shaped 
supporting member 4. The heating means 16A has flat plates 15a, 15b each 
made of an insulating material, and a heat generator 15c wounded on the flat 
plate 15b. A ceramic substrate 16A is mounted on the heating means 15. The 
object W is mounted on the mounting face 16a of the ceramic substrate 16A. A 
guide 5 is formed inside of the flange portion 4a of the plate shaped supporting 
member 4. 

(0025) As shown in Fig. 1, a means 25 having a through hole for 
preventing rotation may be provided. Alternatively, as shown in Fig. 6(a), a 
pin 25A may be provided in the supporting substrate 4 as a means for 
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preventing rotation, and the pin is fitted to the back face of Lhe ceramic 
substrate 2. Alternatively, as shown in Fig. 6(b), a flat surface 25B may be 
provided as the means for preventing rotation. Further, as shown in Fig. 6(c), 
a notch 25C may be filled to a recess 25D as the means for preventing rotation. 

(0026) The material of the ceramic substrate may be selected 
depending on applications, and not particularly limited. The material may 
preferably be a ceramics having anti-corrosive property against a halogen based 
corrosive gas, more preferably be aluminum nitride, dense alumina, silicon 
carbide or silicon nitride, and most preferably be aluminum nitride ceramics 
having a relative density of 95 percent or higher or alumina having a relative 
density of 95 percent or higher. Aluminum nitride having a high thermal 
conductivity is most preferred. Functional members such as a heat resistor, an 
electrode for electrostatic chuck and an electrode for generating high frequency 
may be embedded in the ceramic substrate. 

(0027) The plate shaped supporting member is made of a material 
not particularly limited, and may preferably be an alloy of aluminum having a 
high purity when the heating system is to be used under 400 °C. The material 
may be a heat resistive metal preferably having a low thermal conductivity, 
when the system is to be used over 400 °C. On this viewpoint, SUS and a heat 
resistive alloy of nickel such as inconel are preferred. 

(0028) The material for the tubular supporting member is not 
particularly limited, and may preferably be a heat resistive metal and a metal 
having a low thermal conductivity. On the viewpoints, SUS and a heat 
resistive nickel base metal such as inconel are preferred. When the supporting 
member is exposed to a halogen based corrosive gas, the material may 
preferably be a corrosion resistive ceramics and more preferably be aluminum 
nitride or dense alumina. When the heating system is heated at a temperature 
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of 400 °C or lower, the alloy of aluminum having a high purity is preferred. 

(0029) The plate shaped and tubular supporting members may be 
joined with each other by any methods, including solid phase welding, solid- 
liquid phase welding, soldering, and a mechanical joining such as screwing, 
shrinkage fitting, press fitting, friction welding and welding. The solid-liquid 
phase welding is described in Japanese patent publication 10 273, 370A. 

(0030) When a heating element is embedded in the ceramic 
substrate, the material of the element may preferablj r be a pure metal selected 
from the group consisting of tantalum, tungsten, molybdenum, platinum, 
rhenium and hafnium, or an alloy of two or more metals selected from the group 
consisting of tantalum, tungsten, molybdenum, platinum, rhenium and 
hafnium. When the substrate is made of aluminum nitride, the material of the 
heat generator may preferably be molybdenum or the alloy of molybdenum. 
The shape of the heat generator may be a coil, foil, printed paste (sintered 
metal), mesh, flat plate, ribbon or sheet. The heat generator having a shape 
other than a coil is preferred for minimizing the thickness of the ceramic 
substrate. 

(0031) The heat generator in the ceramic substrate and terminal 6 
may be joined with each other by means of any methods, including soldering 
and screwing. 

(0032) When the heat generator is provided in the insulator, the 
material of the heat generator may be a pure metal selected from the group 
consisting of tantalum, tungsten, molybdenum, platinum, rhenium and 
hafnium, or the alloy of two or more metals selected from the group consisting of 
tantalum, tungsten, molybdenum, platinum, rhenium and hafnium. Further, 
the material of the heat generator may be Ni-Cr wire, Fe-Cr wire, or SUS wire. 
The shape of the heat generator may be a coil, foil, flat plate, ribbon or sheet. 
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The heat generator may be inserted into a groove provided in the insulator. 
Alternatively, the insulator is used as a main body, around which, the heat 
generator may be wound. In the latter case, the metal supporting member 
may preferably he covered with an insulating material to prevent the direct 
contact of supporting member and heat generator. 

(0033) The material of the insulator is no I limited, and may 
preferably be mica on the viewpoint of a low cost and heat resistance. When 
the heating system is to be used under 300 °C, the material may preferably be a 
polyimide resin on the viewpoint of avoiding contamination of a semiconductor. 
Further, the material may be a ceramic material such as aluminum nitride, 
alumina and silicon nitride on the viewpoint of heat resistance and less 
contamination. 

(0034) For connecting the heat generator on the insulator and 
terminal, the heat generator and a electric supply rod (or wire) may be 
mechanically bonded with deformation by applying a pressure or spot welded. 

(0035) An application for the heating system according to the 
present invention is not particularly limited, and includes a system for chemical 
vapor deposition, etching, baking or curing for a coater. 

(0036) EXAMPLES 

The heating systems shown in Figs. 1 and 4 were produced. 
In the example of Fig. 1, the ceramic substrate 2 was made of aluminum nitride 
sintered body, in which a molybdenum mesh was embedded as the heat 
generator. The plate shaped supporting member 4 and supporting member 9 
were made of inconel. The ceramic substrate 2 was inserted inside of the plate 
shaped supporting member 4. The ceramic substrate was made distant from 
the small protrusions on the inner surface of the supporting member at 50 
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micrometer. The pins 25 each having a through hole were inserted into the 
ceramic substrate at 4 positions for avoiding the moving of the substrate (see 
Fig. 1). A through hole was formed in each pin for functioning as a guide plane 
for a lift pin used for elevating and descending the object. 

(0037) In the example of Fig. 4, the flat plates 15a and 15b were 
made of mica plates, respectively. A heat generating wire 15c made of SUS 
was wound around the mica plate 15b. The mica plate 15a was inserted 
between the flat-plate shaped supporting member and plate 15b to prevent the 
direct contact of the heat generators 15c with the supporting member. The 
plate shaped supporting member 4 and supporting member 9 were made of 
inconel. The plate shaped supporting member 4 and heating means 15 were 
joined with each other by screwing. 

(0038) Further, in the structure shown in Fig. 1, a ceramic heater 
2 and metal heater were produced each having a shape of ceramic substrate 2 
and plate shaped supporting member 4 integrated with each other. The 
ceramic heater was made of aluminum nitride sintered body, in which a 
molybdenum mesh was embedded as a heat generator. The metal heater was 
made of SUS. 

(0039) Power was supplied to each heater at a target temperature 
of 600 °C so that the temperature was elevated from room temperature to 
600 °C in an N 2 atmosphere (10 Torr). At a target temperature of 600 °C, the 
temperature distribution was observed with an IR camera over an area of a 
diameter of 300 mm. A difference of the maximum and minim um 
temperatures observed in the area was calculated (temperature uniformity). 
Further, the warping of the mounting face was measured after the 
temperature was elevated from room temperature to 600 °C in an N2 
atmosphere (10 Torr) by means of a laser displacement measuring system. 
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The results were shown in table 1. 



(0040) 

Table 1 





Warping of 
Heating face 


Temperature uniformity 
Difference (°C ) of maximum and 
minimum temperatures in an area 
Having an diameter $ of 300mm 


Metal heater only 


3 0 jum 


15°C 


Ceramic heater 
Only 


5 


6°C 


Fig. 1 


5 jum 


3°C 


Kg. 4 


5jum 


3°C 



(0041) As can be seen from the results, according to the heating 

system of the present invention, the warping of the mounting face and the 
difference between the maximum and minimum temperatures may be reduced. 
In addition to this, such heating system may be produced at a relatively low 
cost. 
(0042) 

As described above, the present invention provides a 
heating system for mounting and heating an object, so that the thermal 
deformation of the mounting face upon heating over time may be reduced and 
the flatness of the object may be maintained at a low value. It is further 
possible to impart a mechanical strength to the heater sufficient for its handling 
and to reduce the production cost. 

The present invention has been explained referring to the 
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preferred embodiments. However, the present invention is not limited to the 
illustrated embodiments which are given by way of examples only, and may be 
carried out in various modes without departing from the scope of the invention. 
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